ABSTRACT In eight extrinsic asthmatic subjects (age range 16-38 years) there was a significant reduction (p < 0'01) in the severity of bronchoconstriction after a treadmill exercise test performed 30 minutes after nifedipine 20 mg sublingually. The maximum fall in peak expiratory flow after exercise was 36*0 + SEM 5*3% compared with a maximum fall of 56-5 + 4-1 % after matched placebo capsules when given in double-blind randomised manner on separate days. There was no significant resting bronchodilation or change in blood pressure or heart rate after nifedipine. There was a significant rise in venous plasma histamine during exercise with placebo (6.1 + 0-8 to 13-5 + 3.5 nmol/l, p < 0.01) but no significant increase with nifedipine (4-6 + 06 to 4-7 + 0-6 nmol/l) suggesting that nifedipine inhibits the release of mast cell mediators. The dose of inhaled histamine which provoked a 20% fall in peak expiratory flow was also significantly higher (p < 0 05) with nifedipine (1.5 + 0*31 mg/ml) compared with placebo (2-7 + 0-63 mg/ml), indicating that there is a small inhibitory effect on bronchial smooth muscle contractility. Nifedipine is a potent antagonist of calcium ion influx in smooth muscle and secretory cells, and these studies suggest that it may inhibit release of mast cell mediators and reduce bronchial smooth muscle contractility in asthma.
inhalation challenge and mast cell mediator release by the changes in circulating plasma histamine during exercise.
Methods
Eight asthmatic subjects aged years with multiple positive skin tests and previously documented EIA were studied (table 1). Approval for the study was obtained from the Ethics Committee of Hammersmith Hospital and all subjects gave informed consent. All medications were withdrawn for at least eight hours before study and none of the subjects was taking cromoglycate or oral steroid therapy. 
Results
When compared to placebo nifedipine produced no significant increase in FEV1, vital capacity, or PEF 30 minutes after dosing. No subjects complained of side-effects and there were no significant changes in blood pressure or heart rate. After exercise the maximum fall in PEF was significantly less (p < 0 01) with nifedipine (36-0 ± SEM 5 3 %) compared with placebo (56-5 ± 4 1 %) (table 2) and the PEF was significantly higher at all times after exercise with nifedipine ( fig 1) . In one subject (3) nifedipine completely inhibited EIA but in two subjects (5 and 7) there was no inhibition; five subjects showed partial inhibition. There was no significant difference in baseline lung function between the nifedipine and placebo days.
Plasma histamine levels rose significantly (p < 0 01) during exercise with placebo but there was no significant rise during exercise when on nifedipine (table 2, fig 2) . Furthermore the pre-exercise plasma cellular fluid and intracellular storage sites passes through specific "calcium channels" into the cytosol where it brings about excitation-contraction coupling. By inhibiting this calcium entry process calcium antagonists such as nifedipine produce a muscle relaxation in a variety of tissues.6-8 In anaesthetised dogs there is a reduction in resting tracheal tone with nifedipine, although this effect is less pronounced than its effect on tracheal blood flow, implying that it is less potent on airway than on vascular smooth muscle.9 With verapamil, a less potent calcium antagonist, there is an inhibitory effect on the contraction of canine trachealis muscle induced by potassium ions (depolarisation) and serotonin, but not by acetylcholine,'0 suggesting that calcium antagonists may have less effect in vagally innervated tissues such as bronchial smooth muscle." We were unable to demonstrate any bronchodilator action 30 minutes after sublingual nifedipine. However, there was a small but significant protective effect against histamine-induced bronchoconstriction suggesting that nifedipine may have an effect on bronchial smooth muscle contractility. This confirmed a previous study in which nifedipine had a protective effect against histamine-induced bronchoconstriction in stable asthmatic subjects.'2
The exact mechanism of EIA is uncertain but there is evidence that the release of bronchoconstrictor mast cell mediators may be involved. Cromoglycate stabilises pulmonary mast cells in vitro'3 and has a protective effect against EIA.14 We have recently demonstrated a rise in venous plasma histamine during exercise in asthmatics who develop EIA.15 Calcium ionic influx is involved in the release of mediators from mast cells'6 and basophils,17 and the calcium antagonists lanthanum,'8 quercitin,19 and cinnarazine20 inhibit antigen-induced release of mediators. There is preliminary evidence that nifedipine and verapamil in therapeutic concentrations inhibit antigen-induced release of histamine from sensitised human lung in vitro (Cerrina J et al, unpublished observations). The present study shows that in asthmatics given placebo there was a significant rise in venous plasma histamine concentration during exercise as previously reported,15 but with nifedipine no significant rise occurred, suggesting that nifedipine may inhibit release of mast cell mediators in vivo. There was also a small but significant decrease in the pre-exercise value of plasma histamine after nifedipine compared with placebo suggesting some inhibition of the tonic discharge of mast cell mediators in asthma.
The protective effect of nifedipine in EIA is however small. In only one subject was EIA completely inhibited by nifedipine; there was partial inhibition in five, but in two there was no inhibitory effect at all. This contrasts with the findings of Cerrina et a12 who showed complete inhibition of ETA in 10 asthmatic subjects given the same dose of nifedipine. Their subjects had less severe EIA than in the present study, however. Pharmacokinetic studies indicate that absorption from the buccal cavity is rapid, reliable, and complete and blood levels are in the therapeutic range at 30 and 90 minutes when the exercise and histamine challenges are performed.5
No significant fall in blood pressure or rise in heart rate occurred with nifedipine treatment, and it is therefore unlikely that baroreflex sympathetic activation could have occurred which might have modified EIA.
Although the effect of nifedipine is small, it does support the suggestion that calcium ionic flux is involved in the pathogenesis of EIA. The complete inhibition of the rise in plasma histamine during exercise with nifedipine contrasts with an only partially inhibitory action on ETA, which suggests that other mechanisms such as vagal reflex activation are also involved. It is also possible that the rise in plasma histamine during exercise in asthmatics reflects release from circulating basophils rather than from pulmonary mast cells, and the inhibitory effect of nifedipine may therefore be due to an action on basophils rather than on mast cells in the lung, although it is likely that the same calcium-dependent processes occur in the two cell types. The small protective effect of nifedipine on histamine-induced bronchoconstriction indicates that an action on bronchial smooth muscle may also contribute to the inhibitory effect on EIA.
The protective effect is too small to make nifedipine useful therapeutically in asthma but it is possible that new calcium antagonists may be developed which are more specific in effect for bronchial smooth muscle and mast cells. Using the inhaled route it may be possible to achieve higher concen- 
